A model predictive current control method is proposed to reduce switching losses in an AC-DC matrix converter. In the proposed control strategy, several vectors are selected from among all possible switching vectors for a given location of the input current reference. The switching vector that minimizes the cost function is applied to the converter in the next sampling period. The principle of the proposed method involves clamping the selected switches to stop performing the switching operation to minimize the number of switchings in every sampling cycle. The total efficiency of the AC-DC matrix converter under the proposed strategy is 91.2% whereas that of the conventional strategy is 89.7%. In addition, unity-power-factor operation is guaranteed and smooth and sinusoidal waveforms are achieved. Finally, simulation and experimental results are demonstrated to confirm the validity of the proposed control strategy. response performance. The MPC algorithm has been successfully applied to the AC-DC MCs in the literature [20] [21] [22] . Model predictive control strategies under unbalanced grid voltages have been studied [20, 21] . Literature [22] investigates a unity-input-power-factor scheme for the AC-DC MCs. At each sampling period, the MPC algorithm considers all the possible switching states of an AC-DC MC generated by nine current vectors, predicts the future behaviors of input and output currents, and finally chooses the optimum switching state; this minimizing the cost function applied to the converter in the next sampling cycle.
Introduction
Recently, AC-DC matrix converters (MCs), derived from the well-known MCs, have garnered considerable attention as a new type of converter [1] [2] [3] [4] . They have various inherent advantages of MCs, such as four-quadrant operation, controllable input power factor, sinusoidal input current, compact design, and high-power density [5] . Generally, an AC-DC MC is a one-stage bidirectional current-source buck-type rectifier. It is widely applied in various areas, such as AC-DC micro-grids, electric vehicles, renewable energy generation, and battery energy storage systems [6] [7] [8] . Several modulation methods have been successfully adapted to the AC-DC MCs [9] . An AC-DC MC is traditionally controlled by a space vector modulation algorithm [10] [11] [12] [13] [14] [15] [16] [17] . Literature [10] presents a digitally controlled power supply for isolated three-phase AC-DC MCs without modulation blocks. An ultra-sparse matrix rectifier with a unity power factor fuzzy battery charger is illustrated in Reference [11] with a reduction in the number of power semiconductor devices; however, this converter is not a bidirectional converter. Modulation and control schemes for the battery energy storage systems are studied in [12, 13] . In Reference [14] , a modulation strategy is proposed to reduce switching losses by optimizing the switching patterns. DC current ripple reduction algorithms are studied in References [15, 16] . Application of the virtual capacitor concept to the AC-DC MCs to control the input power factor is presented in Reference [17] . Recent studies have shown the massive potential of model predictive control (MPC) thanks to the advanced development of fast and powerful digital microprocessors and power devices [18, 19] . There are numerous advantages of MPCs over conventional modulation and control strategies, such as multiple control targets with only one cost function, simple implementation for experiments on digital control boards, the ability to include multiple constraints of the system, and a fast dynamic 
Continuous-Time Model of the AC-DC Matrix Converter
The input currents of the converter are expressed as a function of the bidirectional power devices and DC current, and the DC voltage is generated by the bidirectional power devices and three-phase input voltage as = S
(1) 
Discrete-Time Model of AC-DC Matrix Converter
The above equations provide the basis for the predictive model calculation of the input currents, which is considered using the cost function. Since the MPC concept is formulated in discrete time, it is desirable to derive a discrete-time model for the AC-DC MC. The input filter side can be represented by a state-space model, with the state variables s i  and i v  obtained from (4) and (5) as follows [19] : 
Continuous-Time Model of the AC-DC Matrix Converter
The input currents of the converter are expressed as a function of the bidirectional power devices and DC current, and the DC voltage is generated by the bidirectional power devices and three-phase input voltage as i i = S i dc (1) 
i s = C f dv i dt
where v s Source voltages [v sa v sb v sc ] T i s Source currents [i sa i sb i sc ] T
Discrete-Time Model of AC-DC Matrix Converter
The above equations provide the basis for the predictive model calculation of the input currents, which is considered using the cost function. Since the MPC concept is formulated in discrete time, it is desirable to derive a discrete-time model for the AC-DC MC. The input filter side can be represented by a state-space model, with the state variables . i s and . v i obtained from (4) and (5) as follows [19] : where
The discrete-time state-space model is expressed as
where Φ = e AT s (10)
T s Sampling period
The prediction of the source current is obtained from the state-space model [23] as follows:
where the coefficients c 1 , c 2 , c 3 , and c 4 are computed from (10) and (11) under the assumption that R f is neglected owing to its small value:
Proposed Model Predictive Current Control

Principle of the Proposed Method
Achieving high efficiency with reduced switching loss is one of the most critical control problems of the AC-DC MCs. In the operation of the AC-DC MC, the switching losses when changing from one switching state to another among the nine current vectors are unequal in every sampling period. The conventional MPC considers all the possible switching states of the converter and chooses the switching state that minimizes the cost function, which is applied to the converter in the next sampling period. Simulation results of the AC-DC MC using the conventional MPC are presented in Figure 2 . The parameters are chosen based on reference [24] for the equity comparison between the AC-DC MC and the voltage source rectifier (VSR) using the conventional MPC. As shown in Figure 2 , the AC-DC MC performs the high-quality input and output waveforms by applying the conventional MPC. The three-phase currents of the AC-DC MC are sinusoidal and in phase with the source voltage, which guarantees the unity-power-factor operation. At the output, the pure DC voltages accurately track their references. Tables 1 and 2 show the number of the selected vectors in different sectors of the AC-DC MC and the VSR using the conventional MPC at the same sampling frequency, respectively. It can be observed from the tables that the number of the total selected vectors in both the VSR and AC-DC MC are almost the same; however, there are several selected vectors located outside the optimal sector, which leads to the commutations between non-adjacent vectors in each sector of both the AC-DC MC and VSR. The commutation between adjacent vectors located in the same sector of both the VSR and AC-DC MC involve only two switches: one switch is turned on and the other switch is turned off simultaneously. The commutations between non-adjacent vectors lead to the increase in the switching number, which results in an increase in the total loss of the switches in the VSR and AC-DC MC. Tables 3  and 4 present the percentages of the selected vectors in different sectors of the AC-DC MC and VSR using the conventional MPC, respectively. It is evident that the percentage of the use of vectors located outside the optimal sector in the AC-DC MC is much higher than that in the VSR. Figure 3 presents the commutation space vector diagram in sector I of the AC-DC MC. The switching number required for the commutation between non-adjacent vectors is four, whereas that for the commutation between adjacent vectors is only two. It is desirable to use only vectors located in sector I for the minimization of switching number. Tables 5 and 6 show the switching numbers of commutations between different vectors in different sectors of the AC-DC MC and VSR. Vectors While the commutation in the VSR is mainly between adjacent vectors, the number of commutations between non-adjacent vectors in the AC-DC MC is much higher. This results in an increase in the switching number of each bidirectional switch in the AC-DC MC. Thus, the increase in the switching number and the switching losses owing to the commutations between non-adjacent vectors lead to undesirable losses in the AC-DC MC. To overcome these undesirable switching losses, this paper proposes an MPCC method with vector selection from among all valid switching states, and then chooses the optimum switching state based on the cost function and applies it to the converter. The principle of the proposed strategy involves selecting a set of vectors before applying the MPC algorithm to avoid the commutations between non-adjacent vectors in each sector. For simplicity, an example is used to explain the details of the proposed algorithm. After three-phase input current references are generated, the input current reference vectors rotate in the stationary frame at an angular velocity ω given by where f i is the fundamental frequency of the input AC source, and ω is the angular frequency of the grid voltage. The angular displacement between the input current reference vector and the stationary frame can be obtained from Reference [25] 0  0  28  56  86  Sum  180  172  170  182  168  174  1046 For a given location of the input current reference vector in the space vector plane, various groups of switching states are selected for optimizing the cost function. For example, when the input current reference vector is located in sector I as shown in Figure 3 for the optimization of the cost function with the proposed scheme. The computation burden of the proposed method is theoretically reduced by 66%, compared with that of the conventional MPC, which has nine switching states. However, the harmonics and ripple are increased, owing to the number of the valid switching states for optimizing the cost function being less than that in the conventional method. Generally, the cost function selects the switching vector, which minimizes the cost function, and applies it to the converter in the next sampling period. This selection scheme of the conventional MPC method may choose the optimal switching vector located outside the optimal sector regarding the location of input current reference vector. For the switching loss reduction purpose of the proposed MPC, the selected switching vector must be located in the optimal sector. Hence, the proposed MPC method selects the most optimal switching vector among only three switching vectors. The optimal switching vector of the proposed MPC may be less optimal than that of the conventional MPC in several sampling periods. Therefore, the harmonics and ripple of the proposed method are slightly higher than that of the conventional method. The possible solution to compensate for the harmonics is to increase the possible switching vectors in each sector by adding several virtual switching vectors. However, this is out of our scope since the proposed method mainly focuses on the switching loss reduction. Table 7 shows all the selected vectors with different locations in the space vector plane. Table 7 . Summary of the selected vectors in different sectors of the proposed MPC for AC-DC MC.
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Cost Function
In the AC-DC MC, the source currents are controlled. Thus, the cost function computes the errors in the source currents compared with the references. At every sampling period, the control scheme selects the optimal switching state among all the possible switching states and then applies it to the AC-DC MC in the next sampling interval.
To reduce the computation burden further, the Clark transformation is adapted to the AC current and voltage vectors as follows:
where the vector x α x β T represents the space vector plane, and the vector [x a x b x c ] T represents the three-phase source current and voltage vectors.
The cost function of the proposed MPCC with vector selection is expressed as
where i * sα and i * sβ are the source current references in the stationary frame.
Delay Compensation
The calculation time in a practical system when constructing the predictive algorithm controller must be strictly considered owing to the time required to compute all the possible switching states. This may lead to errors in the real system when the predictive control scheme is implemented.
At the time k, the controller selects the optimized switching state to be applied at time k + 1. It is necessary to predict all possible future behaviors of the source currents one step forward at time k + 2 to avoid any delay error, as follows:
If the sampling period is small, the source and input voltages can be considered constant during the sampling period and are given by
where
The cost function of the proposed method with delay compensation is expressed as
Controller System
The control block diagram of the proposed scheme is presented in Figure 4 . The DC voltage at the output terminal is compared with its reference. A proportional-integral (PI) controller is used to obtain the current reference amplitude, and the dq-αβ transformation combined with the angle obtained from the source voltages is used to formulate the source current references. 
Delay Compensation
where ∆ =
Controller System
The control block diagram of the proposed scheme is presented in Figure 4 . The DC voltage at the output terminal is compared with its reference. A proportional-integral (PI) controller is used to obtain the current reference amplitude, and the dq-αβ transformation combined with the angle obtained from the source voltages is used to formulate the source current references. The three-phase voltages, three-phase currents, and three-phase input voltages are sensed and used for current prediction and capacitor current calculation at the AC source. The selection angle is obtained from the input current and then used for vector selection. The three-phase voltages, three-phase currents, and three-phase input voltages are sensed and used for current prediction and capacitor current calculation at the AC source. The selection angle is obtained from the input current and then used for vector selection.
Verification of the Proposed Strategy
Simulation Results
Simulation results are demonstrated with the parameters in Table 8 using PSIM software to confirm the effectiveness of the proposed strategy. Figure 5 presents the simulation results of the conventional MPC ( Figure 5a ) and the proposed MPCC (Figure 5b ), including A-phase source voltage, three-phase source currents, and the switching signal of the switch S pa . It is evident that both control strategies can correctly operate with high-quality sinusoidal source currents. Furthermore, unity-power-factor operation is guaranteed in the AC source under the conventional and proposed methods. The proposed method is based on the location of the input current reference vector to select the optimal switching vector among three possible switching vectors. Since the location of the input current reference vector is obtained from the input currents, there is a small displacement angle between the source currents and the input currents owing to the input capacitor current. Therefore, there is a small displacement angle between the switching signal and the source currents. 
Verification of the Proposed Strategy
Simulation Results
Simulation results are demonstrated with the parameters in Table 8 using PSIM software to confirm the effectiveness of the proposed strategy. Figure 5 presents the simulation results of the conventional MPC (Figure 5a ) and the proposed MPCC (Figure 5b) , including A-phase source voltage, three-phase source currents, and the switching signal of the switch Spa. It is evident that both control strategies can correctly operate with high-quality sinusoidal source currents. Furthermore, unity-power-factor operation is guaranteed in the AC source under the conventional and proposed methods. The proposed method is based on the location of the input current reference vector to select the optimal switching vector among three possible switching vectors. Since the location of the input current reference vector is obtained from the input currents, there is a small displacement angle between the source currents and the input currents owing to the input capacitor current. Therefore, there is a small displacement angle between the switching signal and the source currents. This displacement angle varies with the size of the input filter capacitor and has no negative effect on the overall performance of the AC-DC MC. The switch S pa is successfully clamped during sector I while maintaining the same performance of the converter under the proposed control strategy as that under the conventional control strategy. The total harmonic distortion (THD) of the A-phase source current under the conventional and proposed MPCs is illustrated in Figure 6 . The THD of the proposed MPC is higher than that of the conventional MPC owing to the reduction in the number of possible switching states for cost function consideration at every sampling period. Generally, this is a trade-off between the reduction of switching loss and the increase of current distortion. Figures 7 and 8 present the DC currents and load voltages of the conventional and proposed methods, respectively. It is observed that both the control strategies produce pure DC waveforms and accurately track their load voltage reference at 100 V. The transient states of the conventional and proposed strategies are illustrated in Figures 9-11 . It is evident from Figure 9 that smooth sinusoidal source currents and unity power factor in the transient state are guaranteed by both the conventional and proposed methods. In addition, DC currents and load voltages accurately and quickly track their references when the input currents vary from 3 A to 4.5 A, as shown in Figures 10 and 11 . Both the control strategies work correctly under the steady and transient states. as that under the conventional control strategy. The total harmonic distortion (THD) of the A-phase source current under the conventional and proposed MPCs is illustrated in Figure 6 . The THD of the proposed MPC is higher than that of the conventional MPC owing to the reduction in the number of possible switching states for cost function consideration at every sampling period. Generally, this is a trade-off between the reduction of switching loss and the increase of current distortion. Figures 7  and 8 present the DC currents and load voltages of the conventional and proposed methods, respectively. It is observed that both the control strategies produce pure DC waveforms and accurately track their load voltage reference at 100 V. The transient states of the conventional and proposed strategies are illustrated in Figures 9-11 . It is evident from Figure 9 that smooth sinusoidal source currents and unity power factor in the transient state are guaranteed by both the conventional and proposed methods. In addition, DC currents and load voltages accurately and quickly track their references when the input currents vary from 3 A to 4.5 A, as shown in Figures 10 and 11 . Both the control strategies work correctly under the steady and transient states. as that under the conventional control strategy. The total harmonic distortion (THD) of the A-phase source current under the conventional and proposed MPCs is illustrated in Figure 6 . The THD of the proposed MPC is higher than that of the conventional MPC owing to the reduction in the number of possible switching states for cost function consideration at every sampling period. Generally, this is a trade-off between the reduction of switching loss and the increase of current distortion. Figures 7  and 8 present the DC currents and load voltages of the conventional and proposed methods, respectively. It is observed that both the control strategies produce pure DC waveforms and accurately track their load voltage reference at 100 V. The transient states of the conventional and proposed strategies are illustrated in Figures 9-11 . It is evident from Figure 9 that smooth sinusoidal source currents and unity power factor in the transient state are guaranteed by both the conventional and proposed methods. In addition, DC currents and load voltages accurately and quickly track their references when the input currents vary from 3 A to 4.5 A, as shown in Figures 10 and 11 . Both the control strategies work correctly under the steady and transient states. as that under the conventional control strategy. The total harmonic distortion (THD) of the A-phase source current under the conventional and proposed MPCs is illustrated in Figure 6 . The THD of the proposed MPC is higher than that of the conventional MPC owing to the reduction in the number of possible switching states for cost function consideration at every sampling period. Generally, this is a trade-off between the reduction of switching loss and the increase of current distortion. Figures 7  and 8 present the DC currents and load voltages of the conventional and proposed methods, respectively. It is observed that both the control strategies produce pure DC waveforms and accurately track their load voltage reference at 100 V. The transient states of the conventional and proposed strategies are illustrated in Figures 9-11 . It is evident from Figure 9 that smooth sinusoidal source currents and unity power factor in the transient state are guaranteed by both the conventional and proposed methods. In addition, DC currents and load voltages accurately and quickly track their references when the input currents vary from 3 A to 4.5 A, as shown in Figures 10 and 11 . Both the control strategies work correctly under the steady and transient states. Table 9 summarizes the vector selection in different sectors of the proposed method in one current period. From a comparison with Table 1 , it is evident that the proposed strategy selects only three vectors in each sector correctly, whereas the conventional strategy selects five vectors for each sector. The total number of vector selections of the conventional and proposed MPCs are almost the same. Tables 10 and 11 present the number of switchings of different switches in different sectors under the conventional and proposed strategies. In the proposed MPC, three switches in the lower arm and upper arm are alternately operated in odd and even sectors, respectively. The switches Spa, Snc, Spb, Sna, Spc, and Snb are respectively clamped in sectors I, II, II, IV, V, and VI, as evident from Table  9 . The total number of switchings in different sectors of the proposed method is lower than that of the conventional method by 24.4%. The reduction in the switching number results in the reduction of switching loss under the proposed control strategy as well as reduction in the thermal stresses in the power switches; thus, the lifetimes of bidirectional switches will be prolonged compared with those under the conventional strategy. Table 9 summarizes the vector selection in different sectors of the proposed method in one current period. From a comparison with Table 1 , it is evident that the proposed strategy selects only three vectors in each sector correctly, whereas the conventional strategy selects five vectors for each sector. The total number of vector selections of the conventional and proposed MPCs are almost the same. Tables 10 and 11 present the number of switchings of different switches in different sectors under the conventional and proposed strategies. In the proposed MPC, three switches in the lower arm and upper arm are alternately operated in odd and even sectors, respectively. The switches Spa, Snc, Spb, Sna, Spc, and Snb are respectively clamped in sectors I, II, II, IV, V, and VI, as evident from Table  9 . The total number of switchings in different sectors of the proposed method is lower than that of the conventional method by 24.4%. The reduction in the switching number results in the reduction of switching loss under the proposed control strategy as well as reduction in the thermal stresses in the power switches; thus, the lifetimes of bidirectional switches will be prolonged compared with those under the conventional strategy. Table 9 summarizes the vector selection in different sectors of the proposed method in one current period. From a comparison with Table 1 , it is evident that the proposed strategy selects only three vectors in each sector correctly, whereas the conventional strategy selects five vectors for each sector. The total number of vector selections of the conventional and proposed MPCs are almost the same. Tables 10 and 11 present the number of switchings of different switches in different sectors under the conventional and proposed strategies. In the proposed MPC, three switches in the lower arm and upper arm are alternately operated in odd and even sectors, respectively. The switches Spa, Snc, Spb, Sna, Spc, and Snb are respectively clamped in sectors I, II, II, IV, V, and VI, as evident from Table  9 . The total number of switchings in different sectors of the proposed method is lower than that of the conventional method by 24.4%. The reduction in the switching number results in the reduction of switching loss under the proposed control strategy as well as reduction in the thermal stresses in the power switches; thus, the lifetimes of bidirectional switches will be prolonged compared with those under the conventional strategy. Table 9 summarizes the vector selection in different sectors of the proposed method in one current period. From a comparison with Table 1 , it is evident that the proposed strategy selects only three vectors in each sector correctly, whereas the conventional strategy selects five vectors for each sector. The total number of vector selections of the conventional and proposed MPCs are almost the same. Tables 10 and 11 present the number of switchings of different switches in different sectors under the conventional and proposed strategies. In the proposed MPC, three switches in the lower arm and upper arm are alternately operated in odd and even sectors, respectively. The switches S pa , S nc , S pb , S na , S pc , and S nb are respectively clamped in sectors I, II, II, IV, V, and VI, as evident from Table 9 . The total number of switchings in different sectors of the proposed method is lower than that of the conventional method by 24.4%. The reduction in the switching number results in the reduction of switching loss under the proposed control strategy as well as reduction in the thermal stresses in the power switches; thus, the lifetimes of bidirectional switches will be prolonged compared with those under the conventional strategy. 1  12  12  0  13  35  27  99  2  31  32  0  25  0  25  113  3  18  24  8  37  0  36  123  4  7  33  29  15  16  0  100  5  23  0  23  26  26  0  98  6  33  0  33  12  22  10  110  Sum  124  101  93  128  99 98 643 1  0  0  0  25  31  25  81  2  33  26  26  0  0  0  85  3  0  0  0  26  25  33  84  4  21  29  25  0  0  0  75  5  0  0  0  31  25  23  79  6  25  24  33  0  0  0  82  Sum  79  79  84  82  81  81  486 The switching losses of bidirectional switches depend on the current and voltage related to the process of commutation. The total loss of a bidirectional switch is determined as follows:
where P cond is the conduction loss and P swit is the switching loss of the bidirectional switch. The conduction loss is given by
where V CE and I C are the switched voltage and current, respectively. The switching losses of a bidirectional switch are the sum of all turn-on and turn-off energies expressed as
where E on is the turn-on energy and E o f f is the turn-off energy of the bidirectional switch.
The total losses of the bidirectional switches under the conventional and proposed methods for different sampling frequencies are illustrated in Figure 12 . As it can be seen from Figure 12 , the switching loss for different sampling frequencies of the proposed MPC is always lower than that of the conventional MPC by approximately 21.8% to 23.9%. Figure 13 illustrates the switching number of the conventional and proposed strategies for different sampling frequencies. It is evident that the number of switchings in the proposed method is less than that in the conventional method, which results in the reduction of switching loss.
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The total losses of the bidirectional switches under the conventional and proposed methods for different sampling frequencies are illustrated in Figure 12 . As it can be seen from Figure 12 , the switching loss for different sampling frequencies of the proposed MPC is always lower than that of the conventional MPC by approximately 21.8% to 23.9%. Figure 13 illustrates the switching number of the conventional and proposed strategies for different sampling frequencies. It is evident that the number of switchings in the proposed method is less than that in the conventional method, which results in the reduction of switching loss. Figure 14 presents the switching loss versus sampling frequency under the conventional and proposed strategies. The total losses of the bidirectional switches mainly depend on the switching losses. The proposed method successfully reduces the switching losses considerably compared with the conventional method in a wide range of sampling frequencies. The THD versus sampling frequency under the conventional and proposed MPCs is shown in Figure 15 . Because the reduction in the number of possible switching states for consideration of the cost function, the THD of the proposed method is slightly higher than that of the conventional method. The simulation results show the effectiveness of the proposed method in reducing the switching loss compared with that of the conventional strategy. frequency under the conventional and proposed MPCs is shown in Figure 15 . Because the reduction in the number of possible switching states for consideration of the cost function, the THD of the proposed method is slightly higher than that of the conventional method. The simulation results show the effectiveness of the proposed method in reducing the switching loss compared with that of the conventional strategy. 
Experimental Results
An AC-DC MC was built with six bidirectional power devices, constructed with two IGBT modules (IXA37IF1200HJ) with a common emitter connected in series, to validate the effectiveness of the proposed MPCC with vector selection. The proposed strategy is executed on a Texas Instruments digital signal processor board (TI TMS320F28335). The parameters of the experiments are indicated in Table 8 . Figure 16 presents the waveforms of the A-phase source current, A-phase source voltage, DC current, and load voltage of the conventional and proposed MPCs. Both strategies correctly produce DC waveforms and accurately track the load voltage reference at 100 V. The converter operation under unity-power-factor condition is thus guaranteed by the conventional and proposed methods. Figure 17 shows the waveforms of the A-phase source voltage, A-phase source current, load voltage, and DC current of the AC-DC MC in transient state when the input currents vary from 3 A to 4.5 A under the conventional and proposed MPCs. The unity-power-factor operation is guaranteed, and smooth and sinusoidal current waveforms are obtained. Figure 18 frequency under the conventional and proposed MPCs is shown in Figure 15 . Because the reduction in the number of possible switching states for consideration of the cost function, the THD of the proposed method is slightly higher than that of the conventional method. The simulation results show the effectiveness of the proposed method in reducing the switching loss compared with that of the conventional strategy. 
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Conclusions
In this paper, an MPCC scheme for an AC-DC MC with vector selection is proposed. The proposed method successfully reduces switching loss while guaranteeing good performance of the AC-DC MC in both steady-and transient-state conditions compared with the conventional method by clamping three switches to stop performing the switching operation during every sampling period. The total efficiency of the converter is increased to 91.2% by the proposed strategy compared with that of the conventional strategy (89.7%). Further, unity-power-factor operation is guaranteed, and smooth and sinusoidal current waveforms are obtained. The THD of the proposed method is slightly higher than that of the conventional method. This is a trade-off between the reduction in the switching loss and the increase of the THD. The validity of the proposed MPC is confirmed by the simulation and experimental results. Future research work will be aimed at improving the performance of the AC-DC MC while maintaining the effectiveness of the proposed method.
